Biophysical characterization, including disulfide bond assignments, of the anti-angiogenic type 1 domains of human thrombospondin-1.
Thrombospondin-1 (TSP1), a modular secreted glycoprotein, possesses anti-angiogenic activity both in vitro and in vivo. This activity has been localized to the thrombospondin type 1 repeats/domains (TSR). A TSP1 monomer contains three TSRs, each with a hydrophobic cluster with three conserved tryptophans (WxxWxxW), a basic cluster with two conserved arginines (RxR), and six conserved cysteines. Using the baculovirus system, we expressed TSRs of human TSP1 as either the three domains in tandem (P123) or the third domain alone (P3) and demonstrated that both P123 and P3 at nanomolar concentrations inhibit either basic fibroblast-growth-factor or sphingosine-1-phosphate induced endothelial cell migration. Far-UV circular dichroism (CD) indicated that P123 and P3 have a common global fold that is very similar to properdin, a protein with six TSRs. Near-UV CD and fluorescence quenching studies indicated the conserved tryptophans are in a structured, partially solvent-accessible, positively charged environment. N-terminal sequence and mass spectrometry analysis of trypsin-digested TSRs indicated that the RFK linker sequence between P1 and P2 is readily proteolyzed and the conserved arginines are solvent accessible. By a combination of proteolysis and mass spectrometry, the recombinant TSRs were determined to be fully disulfide bonded with a connectivity of 1-5, 2-6, and 3-4 (cysteines are numbered sequentially from N- to C-terminus). TSRs are found in numerous extracellular proteins. These TSRs share the hydrophobic and basic clusters of the TSP TSRs but some have quite different placement of cysteine residues. We propose a sorting of TSRs into six groups that reconciles our results with information about other TSRs.